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It is now well known from the results of de
Graaf (8, 9, 10), Ebling (4, 6), Lapikre (12, 13)
and others that estrogens cause a reduction in
size of the sebaceous glands, while androgens
have the opposite effect. Clinically too it has
heen realized that androgcns may predispose
human skin to acne (11), and that this condi-
tion may sometimes be countered by the ad-
ministration of estrogens. Evidently it is one
of the characteristics of an estrogen to stimulate
the rate of sloughing of the sebaceous cells, and
consequently to reduce the size of the gland (6).
Since Bullough (2) has shown that the stimulus
to epidermal replacement, also commonly a
function of an estrogen, can be obtained in full
by the use of steroids which arc either weakly
estrogenic or non-estrogenic, it was considered
of interest to attempt to discover how far seba-
(coos gland suppression is in fact a characteristic
of the estrogens. The present paper records the
effects on sebaccous gland size of a variety of
steroids and other substances with varying
degrees of cstrogenic potency.
MATEHIALS AND METHODS
Adult male mice (3—6 months old) of the Krey-
berg WLL strain were used in experimental groups
of 5 animals each. Because of their cndogcnous
androgens, these mice had relatively large scba-
ceous glands. By a modification of the technique
of Ebling (3), each moose received 100 y of the
test substance in 0.25 ml. solvent at each of the
15 injections which were given during a 3 week
period. The various test substances were dissolved
in the smallest possible volume of ethanol, which
was then diluted with normal saline to make
a final alcohol concentration of not more than 8 %.
After death the hair was clipped from the lum-
bar region and a sample of skin was taken from
the mid-dorsal line. After fixation in Boom's
fluid, the sections, cut at 7 , were stained in
Ehrlich's hematoxylin and cosin.
In cases of full sebaceous suppression, as in-
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duced for instance by estradiol-l7$, the result
was obvious at first glance since the glands were
almost eliminated. To express such effects numer-
ically, the following method, modified from Ebliug(3), was used. Scanning the full length of each
skin section, counts were made of the numbers of
swollen sebaccous cells in every gland scctiou.
Since some glands were cut centrally through
their longest and widest dimensions while others
were cut through their extreme edges, the numbers
of cells counted in the various gland sections
varied considerably. However, it was found that
by averaging 50 such counts a repeatable mcau
figure could be obtained. In the experimental
groups of 5 animals the 5 individual figures so
derived were themselves averaged to give a grand
mean and standard error. The sebaceous cell
counts obtained in this way were of course only
reflections of the total numbers of swollen cells
present per gland, but they proved to be sufficient
for the assessment of the comparativectivities
of the various substances tested.
Most of the steroids and their derivatives and
the stilbencs and their derivatives were provided
by Dr. C. L. Hewitt of Urganon Laboratories
Limited, the 16-oxu-estradiol-1Th was given by
Professor 0. F. Marrian, and the estriol was from
the Research Laboratories of Parke, Davis &
Company.
RESULTS
Most of the previous observations on seba-
ceous gland suppression have been obtained
with estradiol-17fl. As a preliminary these ob-
servations were repeated and at the same time
the other natural estrogens, estrone and estriol,
were tasted together with progesterone. The
TABLE 1
A verage numbers of swollen cells per sebaceons gland
section, cut 7 j2 thick, in 5 adult male mice
given 15 subcutaneous injections,
each of 100 y, in 21 days
Uninjected Estradiol-!75 Estrone Estriol Progestec-
6.8 2.2 2.6 2.4 6.6
±0.13 ±0.11 ±0.15 ±0.01 ±0.17
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results are shown in table 1. These figures con-
firm the great activity of estradiol-1713 in causing
shrinkage of sebaceous glands, and show that
both estronc aud estriol are similar in this
respect. They also indicate that iu the conditions
of the experiment progesterone is without effect.
The experiments were then continued using
a wide range of synthetic steroids and their
derivatives in an attempt to discover whether
the effect of sebaceous suppression can be in-
Fm. 1. Section of normal sebaceous gland of adult male mouse. X 600
Fio. 2. Section of sebaceous gland showing reduction in number of swollen cells following treatment
with estradiol-17$. )( 600.
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TABLE 2
Control, untreated
Highly estrogenic sub-
stances:
bisdehydrodoisynolie
acid methyl ether
estradiol-17f3
dienoestrol
stilhoestrol
estriol
estrone
equilin
doisynolie acid methyl
ether
doisynolie acid
sodium doisynolate . .
deoxybisdehydrodoisy-
nolie acid
Moderately estrogenie
substances
16 ethylidene estrone.
estradiol-3-methyl ether
na-di (p ethoxyphenyl) -
1-phenylhromo-ethy-
lene
1-methyl -estrone
Weakly estrogenic or in-
active substances
16-epi-estriol
estradiol-17a
1-methyl estradiol (4:17)
diacetate
3-hydroxy-17-chloro-
estratetracne
16-oxo-estradiol-17a
16-henzylidene estrone
-bisdehydromarriano
lie acid
p-oxypropiophenone..
triphenyl ethylene .
progesterone
epi-testosterone
equilenin
1-methyl-estradiol (3:
17) 7.6±0.22
a-bisdehvdromarriano-
lie acid
Substances of unknown
estrogenie power
3-hydroxy-17-cliloro-es-
tratetraene-3-aeetate
aetiocholanedione
0 3a, 17j3-aetiocholanediol
1-hydroxy-4-methyl -3-
deoxyestrone
1 methoxy-4-methyl es-
tratrien 17-ni acetate
aetiocholane-17j3-ol-3-
++
+
one
4-methyl-est rat non
(1:17) dm1
1-methyl-est rone-3-
methyl ether
1 -rnethvl-estradiol
(3:17) diaeetate
1 methoxy 4 methyl
estrat rien-17-ol
I inethoxy-4-enethyl
estratrien-17-one
1 -methvl-estracliol
(3:17) 3 methyl ether. 7.4±0.13
dueed in full by some weakly estrogenie or even
inactive substauee. The results of these experi-
+ ments are recorded iu table 2, and an analysis
o of the figures shows that, for many of the sub-
stances tested, the degree of estrogenieity is
similar to the degree of sehaeeous gland suppres-
+++ sion which was induced.
+ + + There are, however, a few notable exceptions.
For instance it is evident that estradiol-l7a
and 16-epiestriol, which are both negligibly estro-
+ + genie, are nevertheless able to exert a powerful
+ suppressing action on the sebaceous glands.
+ This result demonstrates clearly the separability
of the functions of estrogenieity and sebaceous
+ gland suppression.
+ In order to emphasize this point still further,
o a search was made for some highly estrogenie
0 substance which lacks the power to influence the
0 sehaeeous glands. Since no estrogenie steroid
or stilbene was discovered to possess this eharae-
o
teristie, the search was extended to include the
doisynolie acids. These acids have the curious
TABLE 2—Continued
Average number of swollen cells per seboreous gland
section, cut 7 a thick, in groups of 5 adult mole
loire given 15 subc utnneous injections,
ench of 100 y, in 21 dngs
For each substance the degree of sebaceous
gland suppression is also indicated symbolically:
= maximum suppression, 0 = no effect.
Degree ofAverage No. o Sebaceoos
Cells per Glaod Gland Sop-
5cr tion peessioe
Average No. of Degree of
Cells per Glaod Sebaeeoos
Sectioo Gland Sop-peessioo
8.0±0.02 0
4.9±0.23
-1-
6.1±0.37 0
6.2±0.03 0
6.3±0.36 0
6.4±0.18 0
6.7±0.16 0
6.9±0.06 0
7.0±0.46 0
7.1±0.22 0
7.2±0.32 0
7.3±0.21 0
0
+++
+++
+++
+++
+++
+++
+++
++
0
0
0
6.9±0.09
1. 8±0. 03
2.1±0. 09
2.3±0.04
2.3±0.08
2.4±0.01
2. 6±0. 15
2.8±0.05
4. 3±0. 17
6.3±0.20
6.6±0.12
6.7±0.02
3. 7±0. 27
5. 0±0. 10
5. 3±0. 23
7.3±0.59
2.2±0.08
2.6±0.24
2.9±0.09
3. 7±0. 24
4.7±0.15
4.8±0.20
4.8±0.24 J
5.1±0.08
6.2±0.24
6. 6±0. 17
6.7±0.57
7. 2±0. 34
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FIG. 3. Section of sehaceous gland showing reduction in number of swollen cells following treatment
with estradioli7a. X 600.
FIG. 4. Section of sehaceous gland showing reduction in number of swollen cells following treatment
with 16-epiestriol. X 600.
characteristic that they are highly estrogenie
in mice but relatively inactive in human beings.
The results obtained show wide differences.
On the one hand, bis-dehydro-doisynolic acid
methyl ether is both a powerful estrogen and a
powerful suppressor of the sebaceous glands,
while on the other hand, doisynolic acid has
little or no effect on the sebaceous glands.
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DJSCUSSI0N
The size and activity of the sehaeeous glands
are probably mainly under the control of the
endogenous estrogens and androgens, but Lasher,
Lorinez and Rothman (14) and Ebling (7) have
produced evidence that some hormone of the
anterior pituitary gland may also be directly
involved.
The precise manner in which the estrogens
induce a shrinkage of the sebaeeous glands is
not yet clear, although it appears probable that
this shrinkage is basically due to a greatly
increased rate of sebaeeous cell destruction. The
size and secretion rate of a sebaceous gland
evidently depends on two main factors: the
rate of cell replacement by mitosis, and the
rate of cell destruction to release the sebum.
As regards the rate of cell replacement Bullough
(1) in mice and Ebling (5) in immature rats have
shown that estrogens stimulate the mitotie
activity of the undifferentiated sebaceous gland
cells, while LapiSre (13) has recorded the opposite
result that estrogens induce a mitotie depression.
Varying dosages and lengths of treatment may
provide an explanation for this apparent dis-
agreement. It appears, for instance, that the
mitotie rate of the sebaceous glands may rise
during the first few days of treatment and then
fall to a low level.
As regards the rate of sebaeeous eel! destruc-
tion there is little disagreement. Under estrogenie
stimulation the glands evidently continue to
react almost indefinitely by an increased rate
of cell sloughing. One consequence of the rapid
rate of cell destruction appears to be that the
sehaeeous cells have no time to differentiate
fully before they are shed. Thus, although the
glands "secrete" at a high rate, little or no true
sebum is produced and the skin and hair become
dry.
Of the present results the most significant
are those which demonstrate the separability
of the two functions, estrogenieity and sehaeeous
gland suppression. While all the natural and most
of the artificial estrogens tested are active in
sebaeeous gland suppression, it has been possible
to discover a strong estrogen which lacks this
power and a non-estrogen which possesses it.
The practical importance of this conclusion
is obvious, and following the present investiga-
tion it has been possible to co-operate io testing
the value of a non-estrogenic sebaceous-gland-
suppressing steroid in eases of acne. The first
encouraging results have been recorded recently
by Peterkin (15).
SUMMARY
Using adult male mice, it has been confirmed
that the natural estrogens and the estrogenie
stilbeoes induce an extreme reduction in size of
the sebaceous glands, evidently due mainly to
their stimulus to the rate of sloughing of the
sebaceous cells.
It is shown, however, that this action on the
sebaceous glands is not an exclusive characteristic
of the estrogens. One substance which is fully
active in suppressing sehaeeous glands but which
is an extremely weak estrogen is estradiol-l7a.
Conversely, one substance which does not sup-
press sehaeeous glands but which in mice is a
powerful estrogen is doisynolie acid.
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